Introduction
T he use and costs of long-term care (LTC) increase with increasing age and during the last year(s) of life. [1] [2] [3] [4] [5] Those who die in older old age have been found to be more likely to use LTC at the end of life than those who die in younger old age. [6] [7] [8] [9] [10] [11] [12] [13] Death is increasingly being postponed to later old age: in Finland in 1994, circa 32 500 deaths occurred at the age of 70+ and 4 100 at the age of 90+, while in 2014 the corresponding figures were 38 800 and 9500, respectively (Statistics Finland 2016) . Thus the last years of life are lived at a greater age than before, and consequently the use of LTC near the end of life will probably grow. However, it is not known whether the use pattern of LTC (i.e. the associations of age and approaching death with LTC use) among old people has remained steady in recent years. This information would be important for understanding present and future needs for LTC.
A common way to study service use at the end of life is to draw a comparison between those who are in their last year(s) of life (decedents) and those who live longer (survivors). Decedents have been found to use LTC more often than survivors, but the difference between the two groups decreases with increasing age. 7, [14] [15] [16] An increasing difference according to age was found in a Dutch study. 9 Most of the studies on this topic analyse 'the high costs of dying', and fewer have focused on the use of services, which is the focus of the present study. The costs reflect the use of services, and we therefore refer here to some studies on costs too.
Rice and Fineman 17 suggested that with a healthier and less disabled old age, care expenditure will increasingly be concentrated at the end of life. However, it is not clear whether this optimistic view concerning improving health among old people will be borne out. In recent decades, disability has seemed to be decreasing among people under the age of 80 in Finland 18 and in OECD countries 19 but to be remaining steady or increasing among the oldest individuals, 20, 21 although the opposite has been found for severe disability in the US. 22 As the last years of life are lived at a greater age than before, functional and cognitive disability is probably greater, 23 and the phase during which care is needed may be longer. 24 In recent decades, the content of round-the-clock LTC has been changed in Finland, 25 like in many other countries. 26 Institutional LTC (residential homes and health centre) has decreased and community-based services like sheltered housing with 24-h assistance has increased. 27, 28 This is mainly due to the change in supply of services. In addition, an essential political aim is that old people would live in their own homes as long as possible. The range of LTC services available in Finland has been described more detailed earlier. 29 In this study, we have analysed how the postponement of death to increasingly old age changes the effects of age and approaching death as determinants of round-the-clock LTC. We have analysed this by comparing old decedents and survivors. The study was conducted as a part of the project entitled 'New Dynamics of Longevity and the Changing Needs for Services' (COCTEL). The detailed study questions are the following:
(1) How is use of round-the-clock long-term care associated with approaching death among old people in the age groups 70-79, 80-89 and 90+ years? (2) How did this association change from 2000 to 2011?
Methods

Study population
A modification of a case-control design was used. The cases (decedents) were identified from the Causes of Death Register (Statistics Finland) and the controls (survivors) from the Central Population Register. The information on age, gender and municipality of residence was also gathered from these registers, except that the municipality of residence of matched survivors for those who died in 2009-2011 was gathered from the Prescription Database of the Social Insurance Institution of Finland.
Decedents made up a 40% random sample of those who died at the age of 70 or over in [2000] [2001] and of all those who died at the same age between 2002 and 2011 in Finland. Survivors were identified from 40% random samples, taken separately for each year of death, of people born in the same years as the decedents but who lived at least two years longer. One-to-one matched pairs of decedents and survivors were constructed, matched for age (AE2 years), gender and municipality of residence. The purpose was to ensure a similar age and gender distribution among decedents and survivors and to eliminate the effects of different municipal service structures on service use. The pairs for 2002 were excluded because of a differing method of matching (where survivors lived at least three years longer than the decedents).
A matched counterpart was found for 92% of the decedents. If none was found, the decedent was excluded from the analyses. The proportions of those for whom a counterpart was found are presented by age groups in the supplementary table. Since 8% of the decedents were excluded from analyses due to the lack of a matched pair, we present the figures on the use of LTC both for all decedents (N = 380 225) and also for the matched case-control pairs.
The ethics committee of the Pirkanmaa hospital district approved the study plan.
Measures
The data on LTC use were derived from the Care Register for Healthcare and the Care Register for Social Welfare (National Institute for Health and Welfare). The information from national registers was linked using individuals' unique Personal Identification Codes. The number of days in LTC was calculated on the basis of the dates of admission and discharge for each individual. The use of the registers and their linking has been described in detail elsewhere. 30 The use of LTC was analysed in total. It included three types of LTC facility: (1) residential homes, (2) sheltered housing with 24-h assistance and (3) inpatient wards of health centres (primary care hospitals, which provide both acute and long-term care), which were deemed LTC if the individual had a continuous stay of 90 days or over. These were analyzed together, since they mainly respond to similar needs.
Service use was studied for the last 730 days of life for decedents, and for the same calendar days for the individually matched survivors. Thus service use by decedents and survivors was also matched for time, and changes in the service structure could therefore not impair the comparisons between them.
Two outcome variables were used: (1) any use of LTC (1 = did use, 0 = did not use) and (2) the number of days in LTC during the 730-day period.
Analyses
The analyzes were performed for the total study sample and by the age groups 70-79, 80-89 and 90+ years. The survivors were included in the same age group as their matched counterpart, despite their possible AE2 years' age difference. Chi-square tests were used to discover statistically significant changes in any use of LTC from 2000 to 2011. Independent sample t-tests were used to assess the difference in the mean age, and independent sample median tests to assess the difference in the number of days in LTC in 2000 and in 2011.
Conditional logistic regression models for the matched casecontrol study were run to find the association of LTC use with decedent status and its change from 2000 to 2011. In conditional analyses, cases are compared with their matched controls, and pairs where both partners either used or did not use LTC did not provide information. 31 The dependent variable was status (1 = decedent, 0 = survivor). The models were run stepwise: in models 1 the independent variable was any use of LTC, and in models 2 any use of LTC and the interaction term (any use of LTC Â year). The year was the year of death of the decedents, and it could not be included in the models as such, since in practice the pairs were matched for it. Age and gender were not included as independent variables because the cases and controls were matched for them. 32 The decedent-survivor day ratios (Dd y /Ds y , where Dd is the per capita days for the decedents, Ds is the per capita days for the survivors and y is the year of death of the decedents) were calculated for the years 2000 and 2011. First they were calculated for all casecontrol pairs, including those individuals whose number of days in LTC was 0. Second, the ratios were calculated for those pairs where both used LTC. The number of these pairs was small, and the ratios were therefore not calculated by age group.
Results
Descriptives
The data consisted of 315 458 decedents and their matched surviving counterparts: 630 916 individuals altogether. Of the pairs, 57.1% were female. The mean age increased among women from 83.1 in 2000 to 84.8 in 2011 (P < 0.001), and among men from 79.6 to 80.9 (P < 0.001).
The age distribution of the case-control pairs differed from that of all those who died in Finland at the age of 70 or older in 2000-2011 (Supplementary Table) . The age groups 70-79 and 80-89 years were overrepresented, and the age group 90+ years was underrepresented.
Use of LTC by age groups
The proportion of those who used LTC and the number of days in LTC were higher among decedents than among survivors in all age groups ( figure 1, table 1 ). The use of LTC was more common for older persons than for younger, among both decedents and survivors.
Any use of LTC was strongly associated with approaching death (table 2, model 1). The number of days in LTC was multifold among decedents when compared with survivors (table 1). The mean number of days in LTC was higher among the oldest survivors than among the youngest decedents, and among decedents the oldest had threefold days in LTC compared with the youngest. The median number of days in LTC was 0 among younger decedents and all survivors, indicating that at least half of the individuals in these groups had no days in LTC in the 2-year study period.
The difference in LTC use between decedents and survivors was highest in the youngest age group (70-79) and lowest in the oldest age group (90+). This was seen both in regression analyses (table 2) and in the decedent-survivor day ratios (table 1). Among those casecontrol pairs where both individuals used LTC, the ratios were smaller than among all pairs. This indicates that the difference between decedents and survivors was mainly in the proportion of users and less in the number of days in care among the users.
The change in use of LTC from 2000 to 2011
The models 2 in conditional logistic regression models included the interaction terms (any use of LTC Â year). The effects of these were greater than one, and statistically significant for most years (table 2). The interpretation is that the odds ratios of the main effect increased from 2000 to 2011, implying that the use of LTC became more strongly associated with approaching death over time. In the oldest age group (90+), the effect of the interaction term was statistically significant only for the most recent study years.
The widening difference in LTC use between decedents and survivors is seen in figure 1 : the proportion of LTC users increased (in the total study sample and age groups 70-79 and 80-89 years, P < 0.001) or stayed steady (90+) among decedents but decreased among survivors in all age groups (P < 0.01) from 2000 to 2011. The difference in the number of days in LTC also increased: decedent-survivor day ratios were higher in 2011 than in 2000 (table 1).
Discussion
We described and analyzed the association of age and approaching death with use of round-the-clock LTC among old people. The use of LTC became increasingly concentrated in the last years of life from 2000 to 2011: it increased in the last years of life but decreased among those who lived longer in all age groups.
The difference in the use of LTC between those who were in their last years of life and those who lived longer was highest in the youngest age group and diminished with increasing age. Therefore, the use of LTC is high among the oldest individuals, irrespective of the closeness of death (in addition, the oldest survivors are probably closer to death than the younger survivors). While the use of LTC decreased from 2000 to 2011 among the oldest individuals who lived longer, it can still be considered high. Further, although the use of LTC decreased in age-group-specific analyses, no decrease was seen in the total study sample. The increasing proportion and number of people in the oldest age group, where use is highest, clearly increases total use, both in the last years of life and for those who live longer.
Some parallel results have been found in previous studies: (1) an increasing difference in LTC costs between decedents and survivors in British Columbia between 1987-1988 and 1994-1995, although this study focused only on the last 6 months of life and a similar time for survivors, 16 and (2) a decreasing difference between decedents and survivors with increasing age in the use 14 and costs 7,15,16 of LTC. However, two of these studies 15, 16 did not include the oldest old people in their analyses, as the present study has done. The LTC studied here is intensive: it is used when home care and/ or informal care are no longer enough. Being very old and/or close to death reflects the need for round-the-clock care, due to multiple disabilities, disease and often dementia. Without strong new evidence of improved functional ability in very old age, the conclusion is clear: the longer people live and the older they die, the more likely they are to need LTC at the end of their lives.
The decrease in LTC use among those who lived longer implies a shortening of the phase of life during which LTC use is high. It seems that people entered LTC at a later stage (only in the last two years of life) in 2011 than in 2000. This is supported by the finding that among LTC users the need for care has increased in recent years. 33 It is a current policy aim in Finland to keep old people living in their own homes for as long as possible, and that may be observed in the shortening of the phase of round-the-clock LTC.
Strengths and limitations
The use of national register data, which have been found to be reliable, 34, 35 is a major strength of this study. In addition, the modification of the case-control design, which has not been commonly used in studies comparing decedents and survivors, is another strength. In group-level comparisons, age, gender and municipality of residence cannot usually be reliably controlled for and are likely to be associated with the use of services.
Our data are large, and for most of the years include the whole population: all those individuals who died in Finland at the age of 70 or over in 2002-2011, and for technical reasons a 40% random sample of those who died in 2000-2001. This sample has been found to be representative. 36 Of decedents, 9% were excluded because a matched surviving counterpart was not found for them. Most of the excluded decedents were residents of small municipalities where it was difficult to find a matched pair, especially for the oldest persons. In Finland, most municipalities are small: the median size of the population in 342 municipalities was 5765 in 2010 (www. localfinland.fi). Thus, the oldest age group is underrepresented among our case-control pairs. This does not, however, impair the comparisons between decedents and survivors, which were made by age group. The use of LTC in the total study sample is nevertheless an underestimation, since the share of the age group where use is highest was too low. Hence, we also presented selected figures for all decedents. The proportion of LTC users was higher among all decedents than among those decedents who had a matched counterpart in the total study sample and in the oldest age group (figure 1), and the mean number of days in LTC was higher among all decedents in all age groups (table 1) .
Individual characteristics were not controlled for in our analyses, although, e.g. living arrangements and socio-economic status 37, 38 and availability of informal care 39, 40 are known to be important determinants of the use of LTC. In this study, however, the focus was on differences between decedents and survivors. The decedent status is considered to be a proxy for diseases and disability.
To some extent, LTC and other care types are substitutes, and the alterations in the use of LTC may reflect changes in the use of hospitals, home care and informal care. To obtain a wider view, time trends in hospital and home care use will be studied.
To conclude, the use of LTC became increasingly concentrated in the last 2 years of life over the period from 2000 to 2011. The use of LTC is high among the oldest individuals, among both those who are in their last years of life and those who live longer. As more people live to a very old age, the demand for LTC will increase.
Supplementary data
Supplementary data are available at EURPUB online. 
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Key points
The use of long-term care (LTC) is common in very old age and in the last years of life, but it was not known how the use pattern is changing as death is being postponed to increasingly old age. The difference in LTC use between decedents and survivors widened from 2000 to 2011. Table 2 Association of the use of long-term care (LTC) (1 = used, 0 = did not use in the two-year period) with decedent status (1 = decedent, 0 = survivor). The odds ratios (OR) of conditional logistic regression analyses by age groups The use of LTC became increasingly concentrated in the last years of life during the twelve-year study period, but is also common among the oldest survivors. The increasing proportion and number of people in the oldest age group, where use is highest, clearly increases the total use of LTC. As more people live to a very old age, the demand for LTC will increase.
